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Abstract
The inclusive branching ratio B → Xsγ and the anomalous magnetic moment gµ− 2
of the muon are accurately calculated within a minimal gauge-mediated SUSY-breaking
model which naturally generates a large tan β. The predictions are in somewhat better
agreement with current experiments, and new data will soon critically test these predic-
tions. Predictions for B → Xsℓ
+ℓ− branching ratios and asymmetries, to be tested at
future colliders, are also presented.
Extensions of the standard model (SM) based on supersymmetry (SUSY) whose breaking
is conveyed to the observable sector via the usual gauge interactions have received much
attention lately [1], for several reasons: gauge-mediation models usually predict a rich and
distinctive phenomenology based on very few parameters; they naturally suppress flavor-
changing neutral current processes; and their SUSY-breaking scale is low enough to avoid
quantum-gravity effects and perhaps even to be accessible to future experiments.
In this work we examine several low-energy predictions of the minimal gauge-mediated
SUSY-breaking model with a single SU(5)-fundamental representation of messenger fields.
Neither the µ term nor its scalar analogue µB are generated by gauge mediation; we will
assume that µ eventually arises in such a way that µB remains essentially zero at the messenger
scale MM , and that the other Higgs parameters are not altered, as explained in Ref. [2]. Such
a model, which we will refer to as the MGM, generates a large Higgs VEV hierarchy: tanβ ≡
vU/vD = m
2
A/(µB) where mA is the mass of the pseudoscalar Higgs. The superpartner-scale
B term is small because there is little room for RG evolution and because the gauge- and
Yukawa-coupling contributions to this evolution tend to cancel. Since tanβ is naturally large,
the MGM is preferable to the gravity-mediation large tan β models; with B (and A) induced
only radiatively, the SUSY CP problem is solved; tanβ and µ are predicted; and the large
value of tanβ dramatically enhances certain processes, as we show below. We will extensively
use the results of Ref. [2] which studied this model.
We begin by sharpening the predictions first presented in Ref. [2] for the b-quark decay
b→ sγ. We then complement them with an even sharper prediction for the muon anomalous
magnetic moment gµ−2. The correlated prediction constitutes a striking signal for the MGM,
and at present is actually in better agreement with experiment than the SM. We also predict
branching ratios and asymmetries for b → sℓ+ℓ−, which are correlated with b → sγ through
their common dominant dependence on a single Wilson coefficient in the effective Hamiltonian.
Experiments now in progress will soon yield much more precise tests of the b→ sγ and gµ−2
signals, and within a few years the dilepton predictions will also confront experiment.
Before studying the signals, we define our signs. Whenever A and B are entirely radiatively
generated, there is only a single physical and predicted sign associated with the various mass
parameters. (We will not be concerned with any phases in the quark mixing matrices.) Two
steps are required to determine it after fixing any definite Lagrangian sign convention: first,
the scalar potential is minimized, yielding 1/tan β = σ1 µB/m
2
A ; then the 1-loop diagram
generating At from the gluino mass M3, and the 1-loop diagrams generating µB from At or
from the wino massM2, are calculated to find µB ∝ σ2µM1/2. Here σi = ±1. The second sign,
σ2, is determined by a competition between At and M2 in generating B: in the MGM, the
former wins. Thus the MGM predicts sgn(µM1/2tanβ) = σ1σ2 within the given convention. In
this way we can correlate our findings with others found in the literature. In the following, µ,
tan β, and the gaugino masses will all be positive. The convention-independent, physical signs
of our predictions will be the relative signs of the various amplitudes for b→ sγ (encapsulated
in R7) and for b→ sℓ
+ℓ−, and the positive contribution to gµ − 2.
A much more detailed presentation than can be fit into this Letter will be given in Ref. [3].
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Below we use the following parameter values: mpolet ≃ m
MS
t (mZ) ≃ 174GeV, m
pole
b = 4.8GeV,
mpolec = 1.3GeV, µb = mb (the low renormalization scale at which b processes will be com-
puted), αs(mZ) = 0.118, α
−1
em(mZ) = 128., and sin
2 θW = 0.23.
We first present the amplitudes contributing to the Wilson coefficient C7(mW ) of the main
operator, Q7 ∝ sσ
µν(1 + γ5)bFµν , responsible for radiative quark decay b → sγ. (Related
studies appeared in Refs. [4].) For large tan β the SUSY diagrams are dominated by chargino
loops, and to a much lesser degree by the gluino loop. Unlike in Ref. [2], we diagonalize the
chargino mass matrix exactly, since we are interested in light charginos. The other mass-
insertion approximations we use are quite sufficient. Up to an overall normalization, we find:
ASM =
3
2
VtsxtW
[
2
3
F1(xtW ) + F2(xtW )
]
(1)
AH− =
1
2
VtsrbxtH
[
2
3
F3(xtH) + F4(xtH)
]
(2)
Ah˜− =
1
2
Vtsrbtan β
µmtm
2
t˜L t˜R
m2
t˜L
m2
t˜R
M22 F (xh˜1t˜, xh˜2t˜)M2
h˜−
1
−M2
h˜−
2
− |mt˜Lmt˜R |
F ′(xh˜1t˜, xh˜2t˜)
M2
h˜−
1
−M2
h˜−
2
 (3)
A
W˜h˜−
= rbtan β
m2Wm
2
t˜L c˜L
m2
t˜L
m2c˜L
µM2
F (xh˜1q˜L, xh˜2q˜L)
M2
h˜−
1
−M2
h˜−
2
(4)
Ag˜ =
8
9
rbtanβ
αs
αW
m2Wm
2
t˜L c˜L
µM3
m6q˜
Fgl(xM3q˜) , (5)
where rb ≡ 1/(1 + δmb/mb) [2]. The functions F1,2,3,4 were given in Ref. [5], while we have
defined F (x1, x2) = f(x1)− f(x2), F
′(x1, x2) = x1f(x1)− x2f(x2), f(x) ≡ d(xF3 +
2
3
xF4)/dx,
and Fgl(x) ≡
1
2
d2(x2F4)/dx
2. Also, xtW = m
2
t/m
2
W ; xtH = m
2
t/m
2
H− ; xh˜i t˜ = M
2
h˜−
i
/|mt˜Lmt˜R |
where Mh˜−
i
is the ith chargino mass eigenvalue; xh˜i q˜L = M
2
h˜−
i
/|mt˜Lmc˜L | ; and xM3q˜ = M
2
3 /m
2
q˜
where mq˜ is the average squark mass. The left-right stop mass insertion is m
2
t˜L t˜R
= mtAt
(> 0), while the left-left stop-scharm mass insertion is [2] m2
t˜L c˜L
≃ +Vtsm
2
q˜λ
2
t ln(MM/mt˜)/4π
2.
In the MGM, the two chargino amplitudes interfere destructively with the SM, charged-Higgs
and gluino amplitudes. They may all be combined into a ratio R7 expressing the fractional
amplitude deviation from the SM:
R7 ≡
AH− +Ah˜− +AW˜h˜− +Ag˜
ASM
. (6)
The contributions to the related operator Q8, expressed as an amplitude deviation R8
from the SM, are given by the same expressions as above after replacing: 2
3
F1 + F2 → F1,
2
3
F3 + F4 → F3, f → d(xF4)/dx, and Fgl(x) →
9
16
d2(3x2F3 +
1
3
x2F4)/dx
2. We have included
them in the MGM predictions for b→ sγ, presented below.
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From these amplitudes we infer the inclusive B meson branching ratio BRγ ≡ BR(B →
Xsγ) by including the (percent-level) nonperturbative corrections [6]. We have reevaluated
the NLO SM expressions of Refs. [7], substituting CSM7,8 (mW )→ (1+R7,8)C
SM
7,8 (mW ) to obtain:
104 BRNLOγ = (3.48± 0.31)
(
1 + 0.622R7 + 0.090R
2
7
+ 0.066R8 + 0.019R7R8 + 0.002R
2
8
)
(7)
which may be compared to the present experimental findings of CLEO [8]:
104 BRexptγ = 2.32± 0.67 , (8)
and 1.0 < 104 BRexptγ < 4.2 at 95% CL. The SM prediction is higher than the observed
branching ratio, although the disagreement is less than two experimental standard deviations.
The central value of our SM branching ratio normalization factor in Eq. (7) is in complete
agreement with the second paper in Ref. [7], whose estimate of the overall normalization
uncertainties we have adopted here. But it is also important to consider other uncertainties,
in particular in the functional dependence on R7,8. Our expression includes the complete SM
NLO calculation, and in particular the QCD correction to the SM amplitude at the electroweak
scale C
SM,(1)
7,8 . But we do not have the corresponding corrections to the other amplitudes (which
would be denoted R
(1)
7,8). Also, if bounds on R7 are derived by comparing Eq. (7) with data,
those bounds depend on R8, albeit weakly; since R8 is model-dependent, fixing it in order
to obtain bounds only on R7 introduces some error into those bounds. Considering these
and other factors, we estimate that, in addition to the explicit experimental and theoretical
uncertainties in Eqs. (7,8), our bounds on R7 carry a further additive uncertainty ∼ ±0.10.
We turn now to the flavor-changing dilepton decays b → sℓ+ℓ−. The differential decay
rate d2Γℓℓ/dy+dy− is conventionally parameterized [9] by kinematic factors multiplying Wilson
coefficients of various operators defined at some scale µb = O(mb). The kinematic variables are
y± = 2E±/mb where E± are the lepton energies measured in the b rest frame. We prefer the
combinations sˆ = y++y−−1 and yˆ = y+−y− = −yˆmax cos θ where ymax = (1− sˆ)
√
1− 4xℓ/sˆ,
xℓ = m
2
ℓ/m
2
b and θ is the angle between the b and the ℓ
+ in the ℓ+ℓ− rest frame. We
have recomputed these kinematic factors, and will present them explicitly elsewhere [3]. The
branching ratio for a particular ℓ is simply proportional to the integral of d2Γℓℓ/dy+dy− over
the entire kinematically-allowed range for that ℓ. The forward-backward or energy asymmetry
is proportional to the integral over the range y− > y+ (i.e., cos θ > 0) minus the integral over
the range y− < y+ (cos θ < 0). The kinematic limits are −yˆmax < yˆ < +yˆmax and 4xℓ < sˆ < 1;
but to avoid intermediate charmonium resonances and nonperturbative phenomena near the
end point, we exclude the same ranges of sˆ specified in the second reference of [9]. As usual, we
normalize to the semileptonic decay rate b→ c eνe in order to eliminate the large dependence
on the b quark mass: Γℓℓ → Γ̂ℓℓ ≡ Γℓℓ/Γb→c, hence
BRℓℓ = (BRb→c)
∫
dsˆ 2
∫ yˆmax
0
dyˆ
(
d2Γ̂ℓℓ
dsˆdyˆ
)
symm
(9)
3
AFBℓℓ = A
E
ℓℓ ≡
N(y− > y+)−N(y+ > y−)
N(y− > y+) +N(y+ > y−)
= −
1
Γ̂ℓℓ
∫
dsˆ 2
∫ yˆmax
0
dyˆ
(
d2Γ̂ℓℓ
dsˆdyˆ
)
antisymm
(10)
in which the symmetric (antisymmetric) rate must include only the kinematic coefficients
symmetric (antisymmetric) in yˆ.
Returning now to the minimal gauge-mediated model, we find that only the contributions
to R7 (rather than box diagrams, etc.) can significantly affect the branching ratios or asym-
metries beyond the percent level (see also Ref. [10]), so the deviations in b→ sℓ+ℓ− are closely
correlated to those in b→ sγ. Numerically, we find:
107 BRee = 68.5 + 22.4R7 + 6.1R
2
7 (11)
Aee = (4.52− 3.01R7)/(10
7BRee) (12)
107 BRµµ = 44.64 + 2.46R7 + 1.81R
2
7 (13)
Aµµ = (4.68− 2.90R7)/(10
7BRµµ) (14)
107BRττ = 2.013− 0.201R7 + 0.009R
2
7 (15)
Aττ = (0.434− 0.042R7)/(10
7BRττ ) . (16)
We have checked the sensitivity of these predictions to the various input parameters and
to the scale µb. The normalizations of the BRℓℓ can vary by up to O(10%), but the functional
dependence on R7 varies only at the percent level. Thus, SM NLO calculations and more
precise measurements of mt and αs(mZ) can significantly sharpen the predictions. There is
very little sensitivity to R8 (which nonetheless can be included). The normalizations of Aee
and Aµµ are even more sensitive than the branching ratios to µb, but a SM NLO calculation
can reduce the uncertainties to less than ∼ 10%. The τ+τ− results are not very sensitive to
those input parameters. And nonperturbative corrections are also quite small once the cuts
on sˆ are imposed.
Presently there exist [11] only some upper bounds on BRee and BRµµ, O(few × 10
−5), or
about an order of magnitude above the SM. However, an increase of two to four orders of
magnitude is expected [12] in the near future at the Tevatron. With such statistics we can
look forward to rather precise measurements of most of the branching ratios and asymmetries.
Finally, we consider the anomalous magnetic moment of the muon. As shown by previous
authors [13], the high precision of calculations and measurements of (gµ − 2)/2 ≡ aµ makes
their comparison a promising harbinger of SUSY— particularly when tan β is large. In the last
of those papers, minimal gauge mediation was also considered, but without the predictions for
µ and tan β. We have recalculated the superpartner contributions to aµ, and are in agreement
with the magnitude and sign of the results of Moroi in Ref. [13] (after accounting for the
erratum, and noting that the MGM predicts µ > 0 in that paper’s conventions). We find
that once again the chargino amplitudes dominate the neutralino ones — the latter never
exceed 10% of the former — while within the chargino contribution the left-right amplitude
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completely dominates. Making only the approximation vD ≪ vU , it reads:
ah˜
−
µ ≃
3α2
4π
tan β
m2µµM2Fµ(xh˜1ν˜ , xh˜2ν˜)
m2ν˜(M
2
h˜−
1
−M2
h˜−
2
)
(17)
where Fµ(x1, x2) = fµ(x1) − fµ(x2), fµ(x) = (3 − 4x + x
2 + 2 lnx)/(3(1 − x)3) and xh˜iν˜ =
M2
h˜−
i
/m2ν˜ . For our numerical results we use the complete expressions.
The superpartner contributions must be added to the SM amplitudes before comparing
with experiment. Combining the results of Refs. [14] yields:
1010aSMµ − 11 659 000 = 186± 16 (18)
while the current average experimental value is [15]:
1010aexptµ − 11 659 000 = 230± 84 . (19)
Evidently, the SM prediction is somewhat below the current experimental finding, although the
discrepancy is less than a single present experimental standard deviation. We have carefully
checked that the MGM generates a positive contribution to aµ, raising it above the SM
prediction.
To calculate the predictions of the MGM for the various processes above, we use the results
of Ref. [2]. All the supersymmetric standard model parameters are predicted in terms of the
effective SUSY-breaking scale Λ – or equivalently the wino mass M2 – and the logarithm
of the messenger scale MM . There is only a slight sensitivity to the doublet and triplet
messenger masses; we will assume MM3 = 1.3MM2 . We consider messenger scales between a
low MM ≃ 2Λ, which yields a large tanβ = O(50), and a rather high MM ≃ 10
4Λ, at which
the fortuitous cancellation in B is diminished so tan β = O(25). Much heavier messengers
tend to generate instabilities in the scalar potential and generally face cosmological difficulties
[2]. With a lowMM the one-step solution of the RG equations in Ref. [2] is accurate enough to
extract all the parameters to the same order as the threshold corrections. A highMM reduces
the accuracy of the one-step solution, but on the other hand the cancellations in B and in
the various amplitudes for b→ sγ are reduced and with them the need for the high precision.
Considering the inaccuracies in the one-step solution, in the leading-order calculation of At,
and in the absence of threshold corrections to µ [2], we estimate that the uncertainties in our
predictions for BRγ and aµ are comparable to the corresponding SM ones.
Our results are presented in Fig. 1. The predictions of the MGM for BRγ (×10
4) and aµ
(×1010) are indicated by the heavy red curves for five values of the messenger scale MM . The
curves become dashed when M2 is light enough that the vacuum stability bounds of Ref. [2]
are violated, primarily because the right-handed stau develops a charge-breaking VEV. Along
each curve we indicate values of M2, which increase as the MGM predictions tend towards
those of the SM, shown as a circled dot. The SM uncertainty ellipse shown in gray should
be applied to each of these predictions. The current experimental values are also indicated
by a circled dot, surrounded by a large green 1 σ ellipse and a larger, lighter green 95% CL
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Fig. 1. The MGM predictions (as heavy red curves) of BRγ (×10
4) and aµ (×10
10),
compared to current and future (dashed) experiments. The extra horizontal axes are
the correlated predictions for R7 and the B → Xsℓ
+ℓ− branching ratios (×107) and
asymmetries sensitive to R7.
distorted ellipse. Under the horizontal BRγ axis we present a corresponding axis of R7 values,
setting R8 ≃ 0 as explained above. We then use R7 to predict the branching ratios (×10
7)
and asymmetries for b → sℓ+ℓ− and show the results on the axes below, for those quantities
sensitive to R7. Note that the experimental and theoretical uncertainties shown for b → sγ
yield allowed ranges for R7 and hence for the b → sℓ
+ℓ− quantities, but the latter have in
addition their own independent uncertainties. Thus the ranges shown in Fig. 1 indicate our
ability to predict those quantities after the SM uncertainties associated with each process are
significantly reduced.
We learn from Fig. 1 that with light messengers the MGM has little effect on BRγ (due
to a precise cancellation between the charged-Higgs and superpartner amplitudes) but can
6
somewhat raise gµ− 2 in the experimentally-favored direction; the bounds imposed by gµ − 2
measurements are not as strong as those due to vacuum stability. With a higher messenger
scale, on the other hand, the MGM decreases BRγ while increasing gµ−2 beyond the SM and
towards the current experimental values (as long as the wino is not extremely light). This is
an encouraging sign for the MGM, although the current precision is inadequate to draw strong
conclusions. However, help is on the way: CLEO data now being analyzed will sharpen BRexptγ ,
perhaps by a factor of two, while the E821 gµ− 2 experiment now operational at Brookhaven
will yield [16] a 20-fold improvement in precision. The corresponding near-future uncertainties
appear as a dashed ellipse, centered (for lack of prescience) on the present experimental central
values. The new data will dramatically constrain the likely scale of the superpartners and of
the messenger fields. And since the theoretical errors in the b → sℓ+ℓ− branching ratios and
asymmetries could be reduced by NLO calculations similar to those already carried out for
b→ sγ, the MGM would then precisely predict deviations from the SM of up to O(1) in Aee
and Aµµ, as well as smaller deviations in BRee and BRττ — at least some of which could be
tested at hadronic colliders in the next few years.
We gratefully acknowledge discussions with I. Bigi, T. Moroi and C. Wagner.
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